Background: Chronic kidney disease (CKD) imposes a substantial burden on health care systems. There are some especially vulnerable groups with a high CKD burden, one of which is women. We performed an analysis of gender disparities in the prevalence of all CKD stages and renal replacement therapy (defined as impaired kidney function [IKF]) in 195 countries. Methods: We used estimates produced by the Global Burden of Disease (GBD) Study 2016 revision using a Bayesian-regression analytic tool, DisMoD-MR 2.1. Data on gross domestic product based on purchasing power parity per capita (GDP PPP) was obtained via the World Bank International Comparison Program database. To estimate gender disparities, we calculated the male:female all-age prevalence rate ratio for each IKF condition. Results: In 2016, the global number of individuals with IKF reached 752.7 million, including 417.0 million females and 335.7 million males. The most prevalent form of IKF in both groups was albuminuria with preserved glomerular filtration rate. Geospatial analysis shows a very heterogeneous distribution of the male:female ratio for all IKF conditions, with the most prominent contrast found in kidney transplant patients. The median male:female ratio varies substantially according to GDP PPP quintiles; however, countries with different economic states could have similar male:female ratios. A strong correlation of GDP PPP with dialysis-to-transplant ratio was found. Conclusions: The GBD study highlights the prominent gender disparities in CKD prevalence among 195 countries. The nature of these disparities, however, is complex and must be interpreted cautiously taking into account all possible circumstances.
Introduction
Chronic kidney disease (CKD) is one of the most rapidly growing non-communicable diseases (NCD) and imposes a substantial mortality and morbidity burden [1] [2] [3] . The Global Burden of Disease, Injuries and Risk Factors Study (GBD) is one of the most important projects undertaken in modern epidemiology, and the GBD Bikbov 2016 revision allowed to produce estimates for the global prevalence of all CKD stages [1, 3] . Among the summary estimates for CKD, there are some particularly vulnerable groups with high disease prevalence and one of these is women. Notably, CKD in women has profound consequences for global health, since it substantially increases the risk of premature delivery, infants who are small for their gestational age and low birth weight [4] , which predispose the next generation to a higher risk for NCD [5, 6] . In 2018, the celebration of World Kidney Day is dedicated to women's health [7] , with the major aims being to increase awareness of CKD in the female population and improve kidney health care for women. In this article, we explore global gender disparities in CKD prevalence based on data from the GBD 2016 Study.
Materials and Methods
To retrieve data on CKD prevalence, the GBD Genitourinary Expert Group (GUiDEG) and the Institute of Health Metrics and Evaluations performed several rounds of systematic review, covering PubMed and EMBASE, as well as including literature obtained by manual search. Additional data from unpublished data sources, including hospital discharge records, end-stage kidney disease registries, and so on were provided by the geographically distributed GBD 2016 CKD collaborators. Data sources used for CKD burden modelling can be explored in an online data source tool http://ghdx.healthdata.org/gbd-2016/data-input-sources. Estimates of CKD prevalence were produced using a Bayesian-regression analytic tool (DisMoD-MR 2.1). More details on GBD methods are described elsewhere [1, 2] . Data on gross domestic product based on purchasing power parity per capita (GDP PPP) was obtained via the World Bank International Comparison Program database [8] .
The GBD Study considers 6 categories of patients with CKD based on albuminuria and glomerular filtration rate (GFR) grades according to the KDIGO classification [9] , or receipt of renal replacement therapy (RRT):
-Albuminuria with normal GFR (estimated GFR [eGFR] ≥60 mL/min/1.73 m 2 ) -refers to KDIGO A2-A3 G1-G2 grades. -CKD stage 3 (eGFR 30-59 mL/min/1.73 m 2 ) -refers to KDIGO G3 GFR grade independent of albuminuria.
-CKD stage 4 (eGFR 15-29 mL/min/1.73 m 2 ) -refers to KDIGO G4 GFR grade independent of albuminuria.
-CKD stage 5 (eGFR < 15 mL/min/1.73 m 2 ) not on RRT -refers to KDIGO G5 GFR grade independent of albuminuria.
-Maintenance dialysis.
-Kidney transplantation. Considering the aforementioned differences between the CKD categories defined in KDIGO and GBD, and the need to map kidney disease as a risk factor for cardiovascular disease, the GBD terminology introduced the term "impaired kidney function" (IKF), with 6 IKF conditions determined by the above-mentioned categories of CKD patients.
To estimate gender disparities, we calculated the male:female all-age prevalence rate ratio for each IKF condition for 195 countries in all world regions for the year 2016. Taking into account the sensitivity of this ratio in case of small numbers in either numerator or denominator, for the RRT modalities, we calculated the male:female ratio both with all country data and separately with countries having substantial numbers of RRT patients.
Differences in continuous variables between groups were compared by Wilcoxon's rank-sum test. Correlations between studied parameters were estimated by the Spearman rho. A p value less than 0.05 was considered statistically significant. The analyses were performed with R (version 3.4.3).
Results

Global Estimates
In 2016, the GBD estimates that a global number of individuals with IKF accounted for 752.7 million, with 417.0 million females and 335.7 million males (Fig. 1) . The most prevalent form of IKF in both gender groups was albuminuria with preserved GFR, which globally was estimated to affect 260.1 million females (62.4% from IKF in females) and 216.7 million males (64.5% from IKF in males). Another 145.2 million females (34.8% from IKF in females) and 107.6 million males (32.1% from IKF in males) had GFR grade 3. More advanced CKD stages were less prevalent: GFR grade 4 affected 6.8 million females and 6.2 million males (1.6 and 1.8% from IKF respectively); GFR grade 5 without RRT was estimated to The male:female all-age prevalence rate ratio significantly differed between IKF conditions (p < 0.00005), with values lower than 1 for albuminuria only, GFR grade 3, GFR grade 4, and GFR grade 5 without treatment with RRT, while for dialysis and functioning kidney graft, it was higher than 1 ( Fig. 2) . Notably, according to the best available knowledge, RRT was not available or was almost inaccessible in many countries. Thus, in 38 countries, the dialysis prevalence rate was less than 20 pmp and in another 15 countries, it was between 20 and 100 pmp (19.5 and 7.7% from all world countries respectively). In 52 countries, kidney transplant recipients were absent or the prevalence rate was less than 10 pmp, and in another 26 countries, the prevalence rate was between 10 and 50 pmp (26.7 and 13.3% from all world countries respectively).
Regional and Country-Level Estimates
A very heterogeneous picture emerged during the geospatial analysis (online suppl. Figs. S1-S5; for all online suppl. material, see www.karger.com/ doi/10.1159/000489897). In general, countries in North America and Eastern Europe tended to have a male:female ratio less than 1, while in Southern Asia and in the Middle East, this ratio was higher than 1. But even neighbouring countries had highly contrasting male:female ratio values, while it was very similar in other, geographically distant territories. However, there were some prominent examples of extremely high male:female ratios in patients with kidney transplants in Pakistan, India and Nepal (Fig. 3) , although for them GBD estimates were produced based on the limited data in the absence of national RRT registries.
Correlation between CKD Prevalence and GDP
The median male:female ratio varies substantially according to GDP per capita (online suppl. Figs. S6-S16) . However, there was no uniform correlation between GDP and this ratio in all IKF conditions, and a similar male:female ratio could be observed for any IFK condition, including dialysis or kidney transplantation, in 195 countries within all ranges of GDP. The male:female ratio for either dialysis or kidney transplantation had no correlation with the GDP (online suppl. Figs. S10, S11). However, for both sexes, we found a significant and uniform correlation between GDP and ratio calculated by dividing prevalent counts of dialysis patients with a kidney transplant patients (Fig. 4) . This correlation underlines the importance of economic development on the availability of kidney transplantation.
Discussion
GBD results demonstrate the substantial gender disparities in CKD prevalence, which globally was higher in women. Notably, the higher morbidity burden among females was found not only for CKD stages with decreased GFR but also for albuminuria with normal GFR. Thus, the detected higher CKD prevalence in women is a true phenomenon and cannot be attributed to the possible discrepancy between measured and eGFR due to the limitations of any eGFR equations [10] . The present findings are in line with the previous estimates of global CKD prevalence as reported in a meta-analysis with 44 studies of CKD 1-5 [11] , which also showed higher CKD prevalence in women than in men. However, the magnitude of this difference is higher in our analysis, and this could be attributed to the inclusion of larger number of data sources in the GBD, eventually leading to more refined estimates. It could also be explained by the modelling process in the GBD, which assumed possible differences in the age structure of CKD population and general population of the countries. It is noteworthy that the higher prevalence of CKD in women may transfer to the next generation. Thus, CKD in pregnant women substantially in- creases the odds of pre-eclampsia, premature delivery, neonates small for gestational age and low birth weight [4] , which are associated with low nephron number at birth [6] -conditions that in themselves put a subject at higher risk of developing hypertension, obesity, diabetes and CKD in later life [5, 6] . This relationship forms a desperate vicious circle that will increase the global burden of NCD in the future if no public health intervention occurs, and if current and future generations in many countries do not have access to better prevention programmes and universal health care. Unfortunately, recent global humanitarian crises forced by wars steal any hope there might be of improving the management of NCD, including CKD, in vast geographical areas in almost all continents [12, 13] . Due to this, the already high CKD prevalence in women only amplifies the morbidity burden during the collapse of social order in conflict zones.
The estimated male:female ratio for CKD that we considered reflects complex interactions between many factors, including gender differences in the prevalence of risk factors for CKD development and progression, attention to personal health care, access to medical care, availability of medications and access to RRT [14, 15] . The latter represents one of the most sensitive indicators related to the human right for life. Unfortunately, on the global scale, the projected need for RRT remains two-to fourfold higher than its provision [16] . It is noteworthy that in many countries, a lack of universal health coverage and high out-of-pocket expenses substantially limit women's access to medical care, due to lower income, thereby resulting in lower solvency [17] . As a consequence, the treatment rate among women is lower compared to men, even in subjects with known CKD (39.6% in women versus 45.5% in men), as was shown in a crosssectional study performed in 12 low-and middle-income countries [18] . The data regarding the CKD treatment rate in the general population of high-income countries is not available, but awareness of CKD [19] and a formal diagnosis with referrals to a nephrologist [20] was lower in women, a finding that could indicate similar general social mechanisms to the approach to gender roles across low-, middle-, and high-income countries. A constellation of extremely challenging economic conditions, as well as women's social roles as nonwage earners in some patriarchal societies may be what leads to the extremely high male:female ratio observed in our analysis in the context of dialysis and kidney transplant prevalence rates. However, this cannot be the only explanation for male predominance on RRT, since it occurs all over the world and in all GDP per capita ranges. Biological factors responsible for higher male prevalence rates on dialysis include the protective effects of estrogen in women and damaging effects of testosterone in men [15] , as well as the higher prevalence of NCD risk factors in the general male population [21, 22] and, related to this, faster CKD progression rates in males [23] . The interplay between all factors may be very complex and poorly explained. As a particular example of this complexity, in the United States, the prevalence of impaired blood glucose in the general population was higher in men [21] , while among haemodialysis patients, diabetes was more prevalent in women [24] . However, in Russia, Japan and countries in Western Europe, gender differences in the prevalence of NCD risk factors in the general population were directly translated into the male:female ratio in the dialysis population [22] . In cases of functioning kidney grafts, the extremely high male:female ratio in prevalent patients could be attributed to gender inequalities in the country's society with regard to accessing transplantation. However, the almost ubiquitous milder male predominance among kidney transplant patients could be explained by the fact that calculations of kidney transplant rates are performed on the whole population, without taking into account a gender-specific cohort of the population with contraindications to transplantation. Thus, women have a higher prevalence of existing panel-reactive antibodies, and adjustment to this factor could substantially level differences in sex disparities for kidney transplant rates, as shown in the United States [25] .
Our analysis has limitations, with the main shortcoming related to the absence or low quality of data for many of the countries used to estimate CKD prevalence. This limitation was to some degree balanced by the GBD's advanced methods of statistical modelling, assuming the country-level covariates that facilitated the production of estimates even for countries with no primary epidemiologic data [1] [2] [3] . Moreover, since the male:female ratio is sensitive to extreme values in case of low patient numbers, and in order to avoid this, we calculated for RRT modalities the ratio both with all country data and separately with countries with substantial numbers of RRT patients, with both analyses showing similar results.
In conclusion, we demonstrated the existence of prominent gender disparities in CKD prevalence in 195 countries in the GBD Study. However, the nature of these disparities is complex and in some cases hardly explicable. Kidney transplantation could be considered a particularly prominent example of lower female access to renal health care. There is a need for substantial further work to clarify in depth the local causes of the overall gender disparities in CKD prevalence and improve the provision of universal and equal access to renal care. This would require joint efforts between the scientific community and national health authorities. What we can do as scientists is provide robust data for politicians and national health authorities to act upon, giving them evidence that their final decisions have an impact on people's health, including that of women, who are more vulnerable due to the unequal access to health care. Moreover, to monitor progress towards equal access in CKD prevention, diagnosis and treatment, health care authorities need clearly defined indicators that could be developed based on wide agreement in the kidney community. Current analysis provides an impact on the construction of the general framework to define such indicators and to reveal the relationships between different factors responsible for the predominance of CKD stages in different populations.
